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552Objective: Previous studies describe a high incidence of acute kidney injury after open thoracic aortic surgery.
Findings may be confounded by patient selection, including surgery with deep hypothermic circulatory arrest
only or emergency procedures. We studied incidence and risk factors of acute kidney injury in patients undergo-
ing thoracic aortic surgery.
Methods:We reviewed 851 patients undergoing elective thoracic aortic surgery with and without deep hypother-
mic circulatory arrest between 2000 and 2007, focusing on clinical outcome and acute kidney injury defined by
consensus RIFLE (Risk, Injury, Failure, Loss of function, End-stage renal disease) criteria.
Results:Mean age was 59 16 years; 29% were women. Surgical procedures included aortic root or ascending
aorta in 817 patients (96%), aortic arch in 172 (20%), and descending thoracic aorta in 54 (6%), with 20% re-
operative procedures. Deep hypothermic circulatory arrest was used in 238 (28%). Incidence of postoperative
acute kidney injury (all RIFLE classes) was 17.7%; 2.1% required renal replacement therapy. Mortality in-
creased with RIFLE class severity of acute kidney injury (P< .001). Independent risk factors for acute kidney
injury were increased age, elevated body mass index, hypertension, impaired left ventricular ejection fraction,
preoperative anemia, and cardiopulmonary bypass duration. Deep hypothermic circulatory arrest, aprotinin
use, and preoperative creatinine level were not independently associated with acute kidney injury.
Conclusions: Thoracic aortic surgery can be performed with low rates of acute kidney injury, comparable to other
cardiac surgical procedures. Deep hypothermic circulatory arrest and preoperative serum creatinine are not indepen-
dent risk factors. RIFLE criteria allow comparison with previous studies and correlate well with patient outcome.
Risk estimates for acute kidney injury require multivariable prediction. (J Thorac Cardiovasc Surg 2011;141:552-8)Acute kidney injury (AKI) after thoracic aortic surgery is
a frequent complication that is prognostically important. In
recent reports that used the consensus RIFLE (Risk, Injury,
Failure, Loss of function, End-stage renal disease) defini-
tion,1 the incidence of AKI has been approximately 50%
among patients undergoing thoracic aortic surgery.2,3 Many
previous studies have included patients undergoing aortic
surgery with deep hypothermic circulatory arrest (DHCA)
only, and others have featured heterogeneous patient
cohorts including those undergoing emergency procedures,
with a significant proportion of acute aortic dissections.
Both aortic pathology and the clinical presentation of
thoracic aortic emergencies significantly influence operative
risk and outcome, particularly when preoperative organ
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The Journal of Thoracic and Cardiovascular Surgthat the higher incidence of AKI after thoracic aortic
surgery relative to other types of cardiac surgery may not
be a result of aortic surgery alone. In addition, potentially
modifiable risk factors for AKI may be misestimated or not
detected in heterogeneous study cohorts. This retrospective
study was therefore designed to investigate incidence of
and risk factors for AKI in patients undergoing elective
surgery on the thoracic aorta with and without DHCA.MATERIALS AND METHODS
Study Population
After institutional review board approval (study-specific informed con-
sent was waived), we investigated all patients who underwent elective tho-
racic aortic surgery with cardiopulmonary bypass (CPB) at the Mayo Clinic
(Rochester, Minn) between January 2000 and December 2007. Patient data
were recorded in a prospective computerized database according to the So-
ciety of Thoracic Surgeons Adult Database definitions. Patients with renal
replacement therapy (RRT) before surgery were excluded, as were patients
who underwent repair of the thoracoabdominal aorta. In accordance with
Health Insurance Portability and Accountability Act guidelines, the few pa-
tients who denied access to their medical records for the purpose of research
were not considered for analysis. Among patients who underwent multiple
thoracic aortic procedures at our institution during the study period (n¼ 5),
only data related to the first operation were included. Patients who died in-
traoperatively or within 24 hours postoperatively were excluded (n¼ 7), be-
cause no meaningful determination of postoperative AKI could be made in
these cases. In addition to the available data in the clinical database, all elec-
tronic patient records were reviewed to obtain preoperative hemoglobinery c February 2011
TABLE 2. Surgical procedures performed in study cohort
No. %
Type of aortic surgery
Aortic root and/or ascending aorta only 635 75%
Aortic root and/or ascending aorta plus arch 156 18%
Aortic arch plus descending aorta 35 4%
Aortic root and/or ascending aorta plus arch
and descending
26 3%
Any concomitant surgery (CABG or valve surgery) 712 84%
CABG, Coronary artery bypass grafting.
Abbreviations and Acronyms
AKI ¼ acute kidney injury
BMI ¼ body mass index
CPB ¼ cardiopulmonary bypass
DHCA ¼ deep hypothermic circulatory arrest
GFR ¼ glomerular filtration rate
OR ¼ odds ratio
RIFLE ¼ Risk, Injury, Failure, Loss of function,
End-stage renal disease
RRT ¼ renal replacement therapy
Englberger et al Perioperative Managementlevel, the latest preoperative serum creatinine level, and serum creatinine
level on each postoperative day to day 7, aprotinin use, and temperature dur-
ing CPB. If multiple serum creatinine levels were measured per day, the
highest recorded value was used for study purpose.
Surgical Technique
Surgical techniques,including site of aortic cannulation and additional
selective cerebral perfusion during DHCA, and such other variables as tem-
perature during CPB and aprotinin use were at the discretion of the operating
surgeon. CPB was routinely instituted at 2.2 to 2.5 L/(min $ m2). If DHCA
was instituted, cooling was performed generally to a nasopharyngeal tem-
perature of 16C to 18C or an isoelectric processes electroencephalogram,
with bladder temperature less than 23C, because the cornerstone of cerebral
protection remains profound hypothermia. More detailed information on
surgical technique in patients undergoing thoracic aortic surgery with
DHCA at our institution is outlined elsewhere.4
Data definitions
AKI was defined by the consensus RIFLE criteria1 according to the max-
imal change in serum creatinine level and glomerular filtration rate (GFR)
during the first 7 postoperative days relative to baseline values before sur-
gery. GFR was estimated with the simplified Modification of Diet in Renal
Disease formula.5 The 3 thresholds for AKI severity according to RIFLE
definitions are summarized in Table 1.1 We did not use urinary output cri-
teria in defining AKI. All patients who met the RIFLE criteria for any class
were classified as having AKI. Patients with AKI were stratified by RIFLE
class according to serum creatinine level or GFR criteria within the first 7
postoperative days. All thresholds also included any patient who required
RRT (intermittent hemodialysis or continuous venovenous hemofiltration)
during the total postoperative hospital stay or within 30 postoperative
days. Postoperative ventilation for longer than 24 hours was considered pro-
longed ventilation. Operative mortality was defined as in-hospital or 30-day
mortality.TABLE 1. Description of RIFLE definition criteria for acute kidney
injury used in analysis1
RIFLE class
R I F
Serum creatinine increase 1.5–fold 2–fold 3–fold
GFR decrease >25% >50% >75%
Serum creatinine level 4 mg/dL, acute
rise>0.5 mg/dL
One or more characteristics in a given column qualifies kidney failure for that class.
RIFLE, Risk, Injury, Failure, Loss of function, End-stage renal disease; GFR, glomer-
ular filtration rate.
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Descriptive statistics for categoric variables are reported as frequency
and percentage, whereas continuous variables are reported as mean  SD
or median with range as appropriate. Categoric variables were compared
among RIFLE classes with the c2 test, and continuous variables were com-
pared with analysis of variance or Kruskal–Wallis test as appropriate. Logis-
tic regression models were used to find the univariate and multivariate
predictors of AKI. The multivariate model considered univariately signifi-
cant variables (P<.05), with model selection through the stepwise method
(backward and forward methods resulted in the same model). All statistical
tests were 2-sided. Data were analyzed with SAS 9.1 software (SAS Insti-
tute, Inc, Cary, NC).
RESULTS
After the exclusion criteria were applied, the total study
cohort consisted of 851 consecutive patients, median age
61 years (range 18–93 years). Of these patients, 244
(29%) were women. Comorbidities included hypertension
(58%), diabetes (8%), chronic lung disease (12%), periph-
eral vascular disease (9%), and cerebrovascular disease
(10%). With regard to aortic pathology, 63 (7%) patients
had Marfan syndrome and 46 (5%) patients had chronic
or subacute aortic dissection. Surgical procedures included
the aortic root or ascending aorta in 817 patients (96%),
the aortic arch in 172 (20%), and the descending thoracic
aorta in 54 (6%). Combined aortic operations and concom-
itant cardiac procedures are presented in Table 2. One hun-
dred sixty-six patients (20%) underwent reoperative
procedures. In 238 cases (28%), DHCAwas used. Aprotinin
was administered to 148 patients (17%), and most others re-
ceived tranexamic acid. Mean CPB time in the total study
cohort was 118  58 minutes, with an aortic crossclamp
time of 81  42 minutes. Twenty-one percent of patients
with DHCA had a duration of arrest longer than 30 minutes.
With regard to preoperative renal status, 213 patients
(25%) had baseline serum creatinine levels greater than
1.2 mg/dL, and 14 (1.6%) had serum creatinine levels
greater than 2.0 mg/dL. Moderate reduction of GFR (31–
60 mL/[min $ 1.73 m2]) at baseline was present in 252 pa-
tients (30%), and 13 patients (1.5%) had severely decreased
GFR (30 mL/[min $ 1.73 m2]). Seven hundred patients
(82.3%) were free of postoperative AKI. One hundred
fifty-one patients (17.7%) were considered to have AKI:
107 (12.5%) with RIFLE class R, 38 (4.5%) with RIFLErdiovascular Surgery c Volume 141, Number 2 553
TABLE 3. Patient characteristics by RIFLE class
RIFLE class
No AKI R I F P value
Patient population (no.) 700 (82.3%) 107 (12.5%) 38 (4.5%) 6 (0.7%)
Demographic data
Age (y, mean  SD) 57.3  16.3 66.1  14.2 66.1  12.3 66.9  11.1 <.001
Sex (no. male) 498 (71.1%) 76 (71.0%) 29 (76.3%) 4 (66.6%) .09
Body mass index (kg/m2, mean  SD) 28.0  5.4 29.8  5.9 28.5  6.6 31.6  10.0 .01
Medical history
Diabetes (no.) 48 (6.9%) 13 (12.0%) 4 (10.5%) 1 (16.7%) .19
Hypertension (no.) 376 (53.7%) 82 (76.6%) 32 (84.2%) 6 (100%) <.001
Chronic lung disease (no.) 70 (10.0%) 22 (20.6%) 7 (18.4%) 1 (16.7%) .03
Cerebrovascular disease (no.) 60 (8.6%) 19 (17.8%) 7 (18.4%) 1 (16.7%) .01
Peripheral vascular disease (no.) 55 (7.9%) 10 (9.3%) 8 (21.1%) 1 (16.7%) .07
Baseline (preoperative) renal function and hemoglobin
Creatinine (mg/dL)
Mean  SD 1.14  0.26 1.20  0.40 1.17  0.26 1.32  0.44 .75
>1.2 (no.) 161 (23.0%) 38 (35.5%) 12 (31.6%) 2 (33.35) .03
Glomerular filtration rate (mL/[min $ 1.73 m2]) .02
>60 (no.) 499 (71.3%) 62 (57.9%) 22 (57.9%) 3 (50%)
31–60 (no.) 192 (27.4%) 41 (38.3%) 16 (42.1%) 3 (50%)
30 (no.) 9 (1.3%) 4 (3.7%) 0 0
Hemoglobin (g/dL, mean  SD) 14.0  1.6 13.3  1.7 13.1  1.9 12.1  1.4 <.001
Preoperative cardiac status
Previous cardiac surgery (no.) 122 (17.4%) 25 (23.4%) 17 (44.7%) 2 (33.3%) <.001
Previous myocardial infarction (no.) 33 (4.7%) 6 (5.6%) 7 (18.4%) 2 (33.3%) <.001
Left ventricular ejection fraction (%, mean  SD) 60  10 58  12 57  11 55  3 .06
Marfan syndrome (no.) 57 (8.1%) 5 (4.7%) 0 1 (16.7%) .13
Aortic dissection (no.) 36 (5.1%) 3 (2.8%) 5 (13.2%) 2 (33.3%) .002
Operative details
Aortic root and/or ascending aorta (no.) 675 (96.4%) 102 (95.3%) 35 (92.1%) 5 (83.3%) .21
Aortic arch (no.) 145 (20.7%) 19 (17.8%) 8 (21.1%) 0 .56
Descending aorta (no.) 41 (5.9%) 5 (4.7%) 7 (18.4%) 1 (16.7%) .01
Cardiopulmonary bypass duration (no.) 112  53 136  69 164  72 225  101 <.001
Crossclamp time (no.) 78  41 90  45 97  42 90  55 <.001
Circulatory arrest (no.) 189 (27%) 33 (30.8%) 12 (31.6%) 4 (66.7%) .14
Circulatory arrest time>30 min* (no.) 36 (19.0%) 6 (18.2%) 7 (58.3%) 2 (50.0%) .006
Temperaturey (C, mean  SD) 34.8  3.1 34.1  2.7 33.1  3.9 16 .001
Aprotinin (no.) 114 (16.3%) 23 (21.5%) 10 (26.3%) 1 (16.7%) .27
Outcomes
Renal replacement therapy (no.) 0 5 (4.7%) 8 (21.1%) 5 (83.3%) <.001
Mortality (no.) 13 (1.9%) 4 (3.7%) 7 (18.4%) 0 <.001
Prolonged ventilationz (no.) 51 (7.3%) 20 (18.7%) 24 (63.2%) 5 (83.3%) <.001
Hospital stayz (d) <.001
Mean  SD 7.0  3.8 9.9  7.9 20.1  33.1 45.3  34.2
Median 6 8 12 32
AKI, Acute kidney injury; RIFLE, Risk, Injury, Failure, Loss of function, End-stage renal disease. *Patients operated on with circulatory arrest (n ¼ 238). yPatients operated on
without circulatory arrest. zData given only for patients who survived to discharge.
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Mclass I, and 6 (0.7%) with RIFLE class F. Demographic and
operative variables of patients according to severity of RI-
FLE classification are presented in Table 3. There were sig-
nificant differences between patients with no AKI and
patients with any RIFLE class AKI in age, body mass index
(BMI), hypertension, chronic lung disease, cerebrovascular
disease, baseline serum creatinine level (>1.2 mg/dL), base-
line GFR, preoperative hemoglobin, previous cardiac sur-554 The Journal of Thoracic and Cardiovascular Surggery, previous myocardial infarction, aortic dissection,
surgery of the descending thoracic aorta, CPB duration,
crossclamp time, duration of DHCA (>30 minutes), and
temperature during CPB (Table 3).
Eighteen patients (2.1%) required RRT in the early post-
operative period (during hospital stay or within 30 days).
Mortality among patients who required postoperative RRT
was 27.8% (n ¼ 5), versus 2.3% (n ¼ 19) among patientsery c February 2011
TABLE 4. Univariate analysis of risk factors for acute kidney injury
within all RIFLE classes (n ¼ 851)
Variable
Odds
ratio 95% CI
P
value
Age 1.04 1.03–1.05 <.001
Female sex 0.95 0.64–1.41 .80
Body mass index 1.05 1.02–1.08 .003
Diabetes 1.84 1.04–3.26 .04
Hypertension 3.34 2.19–5.09 <.001
Chronic lung disease 2.23 1.39–3.57 <.001
Cerebrovascular disease 2.32 1.42–3.80 <.001
Peripheral vascular disease 1.69 0.97–2.94 .06
Baseline creatinine 1.88 1.07–3.30 .03
Baseline creatinine>1.2 mg/dL 1.76 1.20–2.57 .004
Baseline GFR>60 mL/(min $ 1.73 m2) 0.39 0.12–1.3 .13
Baseline GFR 31–60 mL/(min $ 1.73 m2) 0.7 0.21–2.36 .57
Preoperative hemoglobin 0.75 0.67–0.83 <.001
Previous cardiac surgery 1.95 1.30–2.91 .001
Previous myocardial infarction 2.23 1.18–4.22 .01
Left ventricular ejection fraction 0.98 0.96–0.99 .01
Marfan syndrome 0.47 0.2–1.1 .08
Aortic dissection 1.31 0.63–2.70 .47
Aortic root and/or ascending aorta surgery 0.58 0.27–1.28 .18
Aortic arch surgery 0.83 0.53–1.31 .43
Descending aorta surgery 1.52 0.79–2.90 .21
Cardiopulmonary bypass duration 1.01 1.01–1.01 <.001
Crossclamp time 1.01 1.00–1.01 <.001
Circulatory arrest 1.3 0.89–1.90 .18
Circulatory arrest*>30 min 1.88 0.92–3.81 .08
Temperaturey 0.91 0.86–0.97 .002
Aprotinin 1.49 0.97–2.30 .07
RIFLE, Risk, Injury, Failure, Loss of function, End-stage renal disease; CI, confidence
interval. *Analysis of 238 patients with circulatory arrest. yPatients operated without
circulatory arrest.
TABLE 5. Multivariate analysis of risk factors for acute kidney injury
within all RIFLE classes (n ¼ 851)
Variable
Odds
ratio 95% CI
P
value
Increased age (per 10 y) 1.46 1.23–1.72 <.001
Elevated body mass index (per 2 kg/m2) 1.13 1.05–1.21 .001
Hypertension 1.87 1.15–3.05 .012
Higher left ventricular ejection fraction
(per 10%)
0.83 0.69–1.00 .046
Higher preoperative hemoglobin (per 1 g/dL) 0.85 0.75–0.95 .007
Longer cardiopulmonary bypass (per 10 min) 1.09 1.05–1.12 .001
RIFLE, Risk, Injury, Failure, Loss of function, End-stage renal disease; CI, confidence
interval.
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class was associated with worse postoperative outcomes,
such as need for RRT, prolonged intubation, longer hospital
stay, and earlymortality (P<.001 for each variable; Table 3).
Table 4 shows results of univariate analyses of patient var-
iables with and without AKI, independent of RIFLE class se-
verity. In the multivariate logistic regression model, patient
age, BMI, hypertension, left ventricular ejection fraction,
preoperative hemoglobin, and CPB duration were all identi-
fied as independent predictors of postoperative AKI (Table
5). DHCA, aprotinin use, and preoperative serum creatinine
level were not independently associated with AKI.
DISCUSSION
AKI after cardiac surgery is an important complication as-
sociated with adverse outcomes. Comparability of previous
studies is limited because of variable definitions of AKI. The
first consensus definition for AKI, named with the acronym
RIFLE, was published by the Acute Dialysis Quality Initia-
tive group in 2004.1 In a number of clinical studies, the RI-
FLE definitions have been found to be clinically useful for
the diagnosis of AKI and its classification into different
stages of severity.6,7 Two recent studies2,3 in which RIFLE
criteria were applied in patients undergoing thoracic aortic
surgery detected postoperative AKI in 48% and 55% of
patients, respectively. Arnaoutakis and coworkers2 investi-
gated a cohort of 267 patients undergoing aortic arch sur-
gery, with DHCA used in all cases. Hobson and
colleagues3 studied 2973 patients undergoing cardiothoracic
surgery and found an incidence of AKI exceeding 50% in
a subgroup of 475 patients undergoing aortic surgery.
Both of these studies demonstrated a clear association be-
tween postoperative AKI by RIFLE class and adverse out-
come. Both studies, however, included urgent and
emergency cases. Clinical presentation of thoracic aortic
emergencies and heterogeneous patient groups have con-
founding effects on the incidence of AKI after thoracic aortic
surgery; this is especially true for patients with acute aortic
dissection when preoperative organ malperfusion is pres-
ent.8,9 Consequently, our analysis was designed to
determine incidence of and risk factors for postoperative
AKI in a more homogenous group of patients undergoing
elective thoracic aortic surgery with and without DHCA.
The main finding in our study was a relatively low inci-
dence of postoperative AKI (17.7%) relative to the results
seen in the literature for patients undergoing thoracic aortic
surgery. Indeed, rates of postoperative AKI according to the
RIFLE definitions among our patients were comparable to
published rates among nonselected consecutive patients un-
dergoing various types of cardiac surgery (19.3%)6 and non-
selected patients after coronary artery bypass grafting
(26%).7 Our data demonstrate that elective thoracic aortic
surgery can be performed with fairly low rates of postoper-
ative AKI. The previous findings of a high incidence of AKIThe Journal of Thoracic and Caamong patients undergoing thoracic aortic surgery2,3,10 may
have been confounded by patient selection. Thoracic aortic
surgery in itself does not appear to increase risk of
postoperative AKI relative to other cardiac surgical
procedures performed with CPB.
Nevertheless, our study confirms that AKI is a serious
complication strongly associated with adverse outcome.
This is true for the 3 threshold classes of RIFLE as well asrdiovascular Surgery c Volume 141, Number 2 555
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among patients with postoperative RRT exceeded 20%).
These data support the earlier findings of Chertow and asso-
ciates,11 who reported that renal failure requiring RRT after
cardiac surgery is independently associated with mortality.
As seen in Table 3, patients with postoperative RRT were
found in all RIFLE classes, because RRT is only considered
as an outcome (classes L and E) in the original definition of
RIFLE classification.1 Further, we identified all patients re-
quiring RRT both in the hospital and through the initial 30
postoperative days, whereas AKI was defined by serum cre-
atinine level and GFR changes within the first postoperative
week.
Increasing severity of AKI also influenced other outcome
variables (prolonged ventilation, hospital stay, and mortal-
ity). The association between outcome and postoperative
AKI not only is important in predicting the early postopera-
tive outcome but also has prognostic value for long-term
outcome. In the study of Hobson and colleagues,3 long-
term survival of patients with AKI was proportional to
AKI severity, and the adjusted hazard ratio for patients
with RIFLE class F (failure) was 2.14 relative to patients
without AKI.
Because of safety concerns, aprotinin has been withdrawn
from the market.12 During the study period, however, it was
used in 17% of patients in our study cohort at discretion of
the operating surgeon. In general, aprotinin was used more
often for patients with an elevated risk of bleeding complica-
tions and for patients who were anticipated to require com-
plex and prolonged surgical procedures. The effects of
aprotinin on kidney function remain controversial. Despite
a trend (P¼ .07) toward a deleterious effect on the incidence
of AKI in the univariate analysis, aprotinin was not indepen-
dently associated with AKI in our patient cohort.
Interestingly, neither location of the aortic surgical proce-
dure (aortic root or ascending aorta, aortic arch, descending
aorta) nor use of DHCA was associated with AKI. This was
true when analyzing distribution of patients within severity
classes of AKI (only procedures at the descending aorta
seem to have been associated with higher incidence of
AKI) and in the univariate model comparing patients with
and without AKI (all RIFLE classes). Our data document
the safety of DHCA in aortic surgery, in contrast with other
investigations that have identified DHCA as an independent
risk factor for AKI with or without the need for RRT.13,14
These discrepant findings may be explained by the
confounding factors introduced by studying heterogeneous
patient groups, including patients operated on for acute
aortic dissection or other aortic pathologies that adversely
effect patient outcome.
Operations requiring DHCA are generally complex and
prolonged, as demonstrated in our patient cohort. Patients
operated on with DHCA had a significantly longer CPB
time than did patients operated without DHCA (156  60556 The Journal of Thoracic and Cardiovascular Surgvs 104 50 minutes, P<.001). On the other hand, duration
of CPB was identified as independent risk factor for AKI.
These intuitively asymmetric results may be explained by
the protective effects of profound DHCA on organ function,
which counterbalance the kidney damage expected from
prolonged CPB. An interaction analysis of CPB time and
DHCA supports our hypothesis (odds ratio [OR] 1.00,
95% confidence interval 0.92–1.07, P ¼ .91). It should be
noted, however, that within the subgroup of patients oper-
ated on with DHCA, the incidence of AKI increased gradu-
ally with severity class of AKI when DHCA time exceeded
30 minutes (Table 3).
The independent association of AKI with increased age,
hypertension, impaired left ventricular ejection fraction,
and duration of CPB is not unexpected. The influence of
BMI on outcome after cardiac surgery, however, is more
complex. In analysis of a large retrospective cohort from
the Society of Thoracic Surgeons database of patients under-
going coronary artery bypass grafting, Prabhakar and asso-
ciates15 reported an increased incidence of renal failure
among obese patients (OR 1.58 for BMI 35–40 kg/m2 and
OR 1.92 for BMI 40 kg/m2). This finding was not con-
firmed by other clinical series.16-18 Again, comparability
of studies is limited by various definitions of AKI and
different patient populations. In our clinical series of
patients undergoing elective thoracic aortic surgery,
elevated BMI was found to be an independent risk factor
for the development of AKI in the postoperative period.
Our finding that preoperative anemia is a risk factor for
AKI is consistent with previous studies.7,19,20 In a recent
multicenter study of a cohort of patients undergoing
cardiac surgery with CPB, Karkouti and colleagues7 also
found preoperative anemia to be independently associated
with AKI within the 3 threshold classes of the RIFLE defini-
tion. Anemia contributes to AKI by reducing renal oxygen
supply and may aggravate ischemia–reperfusion injury. Fur-
ther studies are necessary, however, to determine whether
low preoperative hemoglobin is a potentially modifiable
risk factor or instead acts as a surrogate marker for severity
of illness and comorbid status.
Several variables associated with postoperative AKI in
the univariate analysis were not significant in the multivar-
iate statistical model. Although a 2-fold increased risk was
detected in univariate analysis, reoperative surgery was not
independently associated with postoperative AKI in our
series of elective operations. This is similar to previous
findings in a nonselected patient cohort undergoing aortic
arch surgery.2 Patients with Marfan syndrome were less
likely (P ¼ .08) to have postoperative AKI, which may
be explained by the lower number of preoperative comor-
bidities generally seen in this population. Furthermore,
patients with Marfan syndrome in our study population
were significantly younger (38  14 vs 61  15 years,
P< .001).ery c February 2011
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were associated with the development of postoperative
AKI univariately but not in the multivariate model. This in-
teresting finding is only partially explained by the definition
of AKI with the RIFLE criteria, which are based on percent-
age changes in serum creatinine level or GFR. Twenty-five
percent of patients in our elective cohort had baseline serum
creatinine level greater than 1.2 mg/dL, but only 1.6% had
baseline serum creatinine level greater than 2.0 mg/dL.
Our conclusion may only be valid for patients with normal
or mildly impaired renal function. It is well known, however,
that there is a wide overlapping range in baseline creatinine
values between patients who have postoperative AKI and
who do not.21,22 In an additional statistical analysis, we
have demonstrated the lack of significant collinearity
between baseline creatinine and all other variables found
to be independently associated with the occurrence of
AKI. This finding emphasizes the need to estimate risk of
postoperative AKI with multivariate prediction models,
rather than by baseline serum creatinine level alone.
Our study has several potential limitations. First, we fo-
cused on preoperative and intraoperative variables that might
predict AKI. Considering the complex interactions among
different organ systems, the association between postopera-
tive AKI and the identified risk factors may have been con-
founded by postoperative complications other than AKI.
For example, in our study cohort the risk of AKI increased
3-fold among patients who required re-exploration for bleed-
ing (OR 3.1, 95% confidence interval 1.8–5.3, P<.001). In
this respect, a causal relation between AKI and outcome vari-
ables may be hypothesized but is not proved by our data. In
addition, patients with prolonged intubation had a 6-fold in-
creased risk of AKI (OR 6.1, 95% confidence interval 3.9–
9.5, P<.001). Several authors have described an interaction
between mechanical ventilation and kidney function.23,24
There are many different reasons for prolonged ventilation,
however, and AKI may cause prolonged ventilation or vice
versa. Indeed, there is increasing evidence that the kidney is
not simply a passive bystander in multiorgan dysfunction.25
In conclusion, thoracic aortic surgery can be performed
with low rates of AKI and does not appear to carry elevated
risk of AKI relative to other types of cardiac surgery. Pro-
found hypothermia in patients undergoing DHCA appears
to have protective effects on kidney function. Use of the RI-
FLE definition system for AKI allows comparison with pre-
vious studies and shows good correlation with patient
outcome within the 3 threshold classes of AKI severity. In-
dependent risk factors for AKI in patients undergoing tho-
racic aortic surgery are increased age, elevated BMI,
hypertension, low left ventricular ejection fraction, preoper-
ative anemia, and duration of CPB. Preoperative serum cre-
atinine level, however, is not an independent risk factor for
postoperative AKI, and estimates of AKI risk must to be
based on multivariable prediction.The Journal of Thoracic and CaWe thank Zhuo Li for expert statistical analysis and Judy Lenoch
for assistance with the cardiovascular database that formed the ba-
sis for our study.
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